A therosclerosis is a chronic inflammatory process that affects arteries selectively and results from imbalance between injury and repair. The complex etiology of atherosclerosis has proved formidable, indeed. 1, 2 Although linked to the presence of microorganisms, the atherosclerotic inflammation does not seem to result from infection; specifically, not the type of infection that can be treated with adequate antibiotics. 3, 4 Infections can nevertheless promote atherosclerotic inflammation indirectly by augmenting the release of cytokines in the bloodstream, such that local arterial intimal lesions can be affected. 5 Furthermore, some antiinflammatory drugs like COX-2 inhibitors appear to worsen the risk of patients for cardiac events, rather than antagonize atherosclerotic inflammation and its thromboembolic consequences. 6, 7 Hence, the development of vascular specific antiinflammatory therapies is limited by the necessity of a basal inflammatory response to maintain arterial homeostasis by constitutive arterial repair involving both local and distant processes, such as the production of vascular precursor cells by the bone marrow. There is an exquisite need for selective antiinflammatory drugs, drugs that do not alter the limited form of inflammation required for arterial repair signaling but do control the unchecked inflammation that occurs in patients who are unable, for a variety of reasons, to mount a successful repair response.
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In such context, the dyad of CD40 and its extracellular ligand (CD40L, also called CD154) appears an ideal target for more specific antiatherosclerotic therapies. The proinflammatory dyad (CD40/CD40L) is expressed on the surface of endothelial and smooth muscle cells, macrophages, lymphocytes, megakaryocytes, and platelets-all progeny of bone marrow stem cells-and the cellular constituents of advanced atherosclerotic lesions. The CD40/CD40L system is considered an important mediator of atherosclerogenesis, because inhibition of CD40 signaling by specific antibodies in the low density lipoprotein receptor knockout mouse model (ldlr Ϫ/Ϫ ) fed a high fat diet reduces de novo plaque formation, plaque area, and accumulation of smooth muscle cells, macrophages, and lipid. 8, 9 Blocking the CD40/CD40L dyad may also stabilize plaques, thus rendering them less vulnerable to rupture, and hence, lessening the risk for coronary and other arterial thrombotic events. 10 Thus, antibodies that block CD40L binding stabilize atherosclerotic plaques against rupture in the ApoE Ϫ/Ϫ mouse fed a high fat diet. 10 Consistent with a role in plaque destabilization, CD40L was also shown to represent an important link between thrombosis and inflammation, as platelets express CD40L within seconds of activation in vitro and in the process of thrombus formation in vivo, suggesting that platelets and CD40L are not only involved in thrombosis, but that they also directly initiate an inflammatory response of the vessel wall. 11 Consequently, it is of no surprise that CD40/CD40L is a marker of adverse cardiovascular events; serum levels of soluble fully activated CD40L are higher in individuals with unstable angina, 12 predict high-risk atherosclerotic lesions, 13 and identify women at risk for cardiovascular events. 14 Instructively, heritable syndromes in man that eliminate CD40L are lethal in the first or second decades of life. 15, 16 Yet it logically was anticipated that the site of action of the dyad-blocking antibodies would be CD40/CD40L moieties expressed on the surface of inflammatory cells of hematopoietic origin.
In this issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Bavendiek and colleagues took on the challenge of demonstrating that the cells that carry the proatherosclerogenic contribution of the CD40/CD40L dyad are of hematopoietic-derived lineages and originate from the bone marrow. 17 Binding of CD40L to the CD40 receptor on the surface of endothelial cells, smooth muscle cells, or macrophages triggers the expression of cytokines, chemokines, growth factors, matrix metalloproteinases, adhesion molecules, and procoagulants, all of which elaborate the inflammatory response. Yet the critical cellular source of CD40L within the atherogenic context is not known. Instructively, CD40L overexpression is not unique to atherosclerotic inflammation, as many diseases of chronic inflammation, including type 1 and type 2 diabetes, lupus nephritis, multiple sclerosis, and inflammatory bowel diseases, are characterized by high levels of CD40L found either within the inflamed tissue or systemically.
In the present study, the authors tested 2 hypotheses. First, that systemic removal of CD40L by genetic knockout would slow the progression of atherosclerosis, consistent with the antibody blocking experiments. They compared double mutant ldlr Ϫ/Ϫ /cd40l Ϫ/Ϫ mice fed a high fat diet to ldlr Ϫ/Ϫ mice fed a high fat diet, and showed that, indeed, atherosclerosis was reduced and plaque morphology appeared more stable in the absence of CD40L expression. But a surprise was in store for the second hypothesis, that the bone marrow-derived hema-topoietic stem cells are the vital source of atherosclerogenic CD40L. Specifically, whole bone marrow cells were isolated from either ldlr Ϫ/Ϫ mice or ldlr Ϫ/Ϫ /cd40l Ϫ/Ϫ mice and used to reconstitute bone marrow in irradiated ldlr Ϫ/Ϫ recipient mice. Given that systemic elimination of CD40L by mutation reduced atherosclerosis in the ldlr Ϫ/Ϫ mice, one would have predicted that the irradiated mice receiving ldlr Ϫ/Ϫ /cd40l Ϫ/Ϫ bone marrow would develop less atherosclerosis compared with those receiving ldlr Ϫ/Ϫ bone marrow, but this was not the case. Instead, the authors report that the atherosclerotic lesions in both groups of recipient mice were indistinguishable, although both were reduced in size in response to bone marrow reconstitution, as previously described. 18 Why did elimination of CD40L, from the very cells that compose the atherosclerotic plaques and are believed to mediate atherosclerotic inflammation, not work locally to reduce disease progression? The lack of effect of restoring CD40L expression by cells originating from the bone marrow could be interpreted as evidence that CD40L expression is critical for progression and destabilization of atherosclerotic plaque when expressed by cells that are not of bone marrow origin (ie, not derived from hematopoietic stem cells). According to this interpretation, the idea that the CD40L that contributes to atherosclerotic inflammation originates from hematopoietic stem cells would not be supported by these data.
Hematopoietic stem cells of the bone marrow give rise to 2 types of progenitors, the myeloid progenitors that become monocytes, neutrophils, eosinophils, basophils, megakaryocytes, and erythrocytes, and the lymphoid progenitors that colonize the thymus and give rise to lymphocytes. At sites of injury, monocytes differentiate into macrophages under the influence of tissue-derived chemokines and cytokines. Endothelial cells and smooth muscles cells of injured arteries are continually replaced through division of progenitor cells, derived either locally or from circulating precursors originally from the bone marrow, that engraft on the arterial surface. 19, 20 The last few years has seen the emergence of a paradigm where a finite reservoir of bone marrow stem cells becomes depleted or dysfunctional, such that it fails to produce endothelial progenitor cells (and perhaps other vascular progenitors) competent for arterial repair, either as a result of the slow aging process, or even more rapidly as a result of aging in the presence of major risk factors for atherosclerosis. 21, 22 Thus, intravenous infusion of bone marrow progenitor from wild-type mice and young, but not old, ApoE Ϫ/Ϫ mice significantly attenuated atherosclerosis and suppressed interleukin-6 expression in the blood, a critical proinflammatory cytokine.
Hence, another intriguing possibility is that CD40L does not solely promote atherosclerosis when expressed on the surface of bone marrow progenitors, but instead may also contribute to arterial repair by facilitating interaction of repair competent bone marrow cells with the damaged arterial wall. Thus, restoring CD40L expression on bone marrow-derived cells via transplant might lead to two competing effects: (1) promotion of inflammation in arterial plaques via immune competent cells, and (2) improvement of arterial repair via competent bone marrow-derived vascular progenitors that use CD40/CD40L to somehow restore arterial integrity. This latter effect may dominate such that the net result of restoring CD40L expression in bone marrow-derived cells is the absence of detectable worsening of atherosclerotic lesions in ldlr Ϫ/Ϫ mice fed a high-fat diet.
In conclusion, any successful therapy for atherosclerosis will be one that achieves balance between three essential features: it must (1) limit arterial injury, (2) control unchecked inflammation in response to arterial injury, but (3) not disrupt bone marrow-derived cell-mediated arterial repair. The intriguing study of Bavendiek et al proves once again that mediators of disease processes can also, when expressed at lower levels, contribute to fundamental aspects of tissue homeostasis.
